Summary Three human lung squamous carcinoma cell lines (NX002, CX140 and CX143) demonstrate features of squamous differentiation including involucrin synthesis and competence to form comified envelopes. 12-O-Tetradecanoylphorbol 13-acetate inhibits growth of these cell lines and this growth inhibition is associated with enhanced differentiation.
Squamous cell carcinoma is the most common subtype of non-small cell lung cancer and represents 40% of all lung cancer cases (Minna et al., 1989) . The factors that control proliferation and differentiation in this disease are poorly understood and an improved knowledge of these might aid the development of therapeutic strategies such as the use of differentiation induction in this tumour type (Bloch, 1984; Sartorelli, 1985) . Lung squamous carcinoma cells undergoing terminal differentiation demonstrate a number of features including expression of involucrin (a protein precursor found beneath the plasma membrane prior to terminal differentiation) and the ability to form cornified envelopes (Miyazaki et al., 1982; Banks-Schlegel et al., 1985; Levitt et al., 1990; Said et al., 1983; Salge et al., 1990) . Cytokeratins 4, 7, 8, 10, 13 and 19 have been detected in this subtype of lung cancer and cytokeratins 10 and 13 have been proposed to be characteristic of squamous differentiation (Broers et al., 1988) .
In the present study, we describe differentiation features within three new cell lines and show how they relate to the xenografts from which they were derived. The effect of the differentiation inducer 12-O-tetradecanoylphorbol 13-acetate (TPA) on the growth and differentiation of these cell lines was then investigated.
Materials and methods
The three xenografts from which the cell lines were derived were obtained from untreated patients in 1983 and brief details of these xenografts have previously been reported (Fergusson et al., 1986) . The pathology of both the NX002 and CX140 xenografts is consistent with that of poorly differentiated lung squamous carcinoma and has remained constant over the last 7 years. The CX143 xenograft was obtained from a patient with adenosquamous carcinoma and although both adeno and squamous components could be observed in early passages of the xenograft, the pathology of later passages was consistent with a poorly differentiated squamous carcinoma.
Cell lines were derived from all three xenografts between their 20th and 27th passages and grown in RPMI 1640 media supplemented with 5% foetal calf serum (FCS), streptomycin (100 igml-'), penicillin (1OOIUml-') and glutamine (2g.M) and kept at 37°C in 5% CO2 and 90% humidity. The competence of cells to form cornified envelopes was determined essentially according to the method described by Rice and Green (1979) . Semi-confluent cultures were treated with or without TPA in RPMI 1640 medium containing 5% serum for 4 days. Cells were trypsinised, washed twice with RPMI 1640 medium and either placed onto multispot slides to stain for involucrin expression or resuspended at a density of 106 cell ml-' in the same medium with or without 0.8 M NaCI for 4 h at 37°C to assay envelope competence. Cell suspensions in phosphate buffered saline containing 2% sodium dodecyl sulphate and 20 mM P-mercaptoethanol were boiled for 2 min. Cornified envelopes surviving this treatment were observed in a haemocytometer chamber using a microscope.
Results
The three cell lines, NXO02, CX140 and CX143, all grow on plastic as monolayers with an epitheloid morphology, but show some degree of stratification (Figure 1) aMean ± standard error of at least 4 independent measurements shown. bNon.evaluable.
The level ofstaining with this antibody in these cell lines was too weak to allow an accurate assessment of the percentage of positive cells. (Figure 2) . The effect of different concentrations of TPA on these two markers was examined in the NX002 cell line and optimal induction was produced at concentrations of 1O--1O-7M (Figure 4 ).
Discussion
The antigen expression of these cell lines is typical of squamous epithelium confirming the histology of the cell lines. Thus a marker such as the EGF receptor which can be detected in 75% of primary lung squamous carcinomas by the EGFR1 antibody (Cerny et al., 1986; Berger et al., 1987) was present in the majority of cells in these lines. In a study by Moss et al. (1986) , the epithelial markers detected by HMFG1, AUA1 and CAM 5.2 were reported to be on all of the primary lung squamous carcinomas studied (17/17). All these markers were found in the cell lines. Of the cytokeratins reported to be characteristic of lung squamous carcinoma (Broers et al., 1988) , cytokeratin 13 was observed in occasional cells in these lines. This is consistent with the level present in primary samples of poorly differentiated squamous carcinomas where only scattered positive cells are found while large areas of well-differentiated tumours are reported positive (Broers et al., 1988) . The co-expression of cytokeratins and vimentin in primary lung squamous carcinomas has also been reported (Gatter et al., 1986) and these cell lines demonstrate both types of intermediate filament.
The proportion of cells in culture demonstrating evidence of squamous differentiation as indicated by competence to form envelopes was low (<1%). Other cell lines derived from poorly differentiated squamous carcinomas are reported to have levels between 0 and 60% (Banks-Schlegel et al., 1985; Levitt et al., 1990; Salge et al., 1990) . The percentage of cells positive for involucrin was similar as was the proportion of cells positive for cytokeratin 13 and it is very possible that all three markers are associated with the same cell subpopulation. Comparison with the xenografts indicates that involucrin-positivity is related to differentiation within these models.
Cell proliferation was inhibited by TPA with maximum inhibition at 10-8 M. Above this level TPA appears to block its own inhibitory effect resulting in increased cell numbers as compared to those at maximum inhibition. Similar findings have previously been reported for other modulators of Protein Kinase C (Dale & Gescher, 1989) . After exposure to 10-8 M TPA, the percentage of cells either competent to form envelopes or to express involucrin was markedly enhanced and this concentration appears to be about optimal for induction of involucrin positive cells with higher concentrations resulting in a lower percentage of cells positive for this marker. Induction of cells competent to form envelopes was also decreased at concentrations of TPA greater than 10-M. Salge et al. (1990) have previously shown a similar enhancement of cornified envelope competence by TPA in three lung squamous cancer cell lines but, in contrast to our data, found no change in involucrin expression.
In conclusion, we have demonstrated that these cell lines show a low spontaneous rate of differentiation and that this level can be enhanced by use of the differentiation inducer TPA. We believe that these cell lines represent useful model systems with which to investigate further the mechanisms of growth and differentiation control in this disease. Figure 4 The effect of varying concentrations of TPA on the expression of differentiation markers in the NX002 cell line. The mean percentage of cells ( ± standard error) positive for involucrin or competent to form cornified envelopes in the cell lines are shown after exposure to TPA for 4 days. Mean values were obtained from at least five separate measurements. The methods used to identify involucrin expression and to measure competence to form cornified envelopes are described in Materials and methods.
